Methods

Syrinx Induction
After receiving approval from the Animal Care and Ethics Committee of the University of New South Wales, 108 inbred 10-week-old male Wistar rats were divided into intact (12 rats) and sham-operated (32 rats) control groups as well as an experimental syrinx group (64 rats) for the study. Animals in each group were equally subdivided into 4 time points for analysis: 7, 14, 28, and 56 days post-syrinx induction. Rats in the intact group did not undergo surgery, the sham-operated group underwent laminectomies only, and the syrinx group underwent a syrinx induction procedure as described previously. 5, 49 Briefly, after a C-7 and T-1 laminectomy, 0.5 ml of 24 mg/ ml quisqualic acid (Tocris Bioscience) was injected into the spinal cord at the C-8 level to mimic an excitotoxic injury with initial cyst, and then 10 ml of 250 mg/ml kaolin (Sigma-Aldrich) in saline was injected into the subarachnoid space at the C-8 level to create arachnoiditis. This model has been shown to result in expanding syringes in the majority of experimental animals. 5 
Histological Analysis
Animal perfusion, tissue processing, and H & E staining have been described previously. 5 Briefly, 7-mm paraffin cross-sections of spinal cord were dewaxed using xylene and an alcohol series. Slides were placed in hematoxylin for 5 minutes, followed by a dip in 2% acid alcohol and then in lithium carbonate. The slides were dipped in eosin for 2 minutes and dehydrated with ethanol before xylene. The H & E-stained sections at the C-8 level were divided into 838 ± 34-grid squares for semiquantification of the cyst sizes. Syringes were observed as cystic spaces within the cord, sometimes containing cellular debris and a loose trabecular meshwork. The syrinx margin was defined as the interface between normal tissue and cystic spaces. Syrinx size was measured as a percentage of the cross-sectional area of the entire section (number of grid squares containing ≥ 50% cyst/number of grid squares per complete spinal cord section).
Immunohistochemical Analysis
Spinal cords were cut into segments at C-8 according to the nerve roots and were transferred to 32% sucrose. The segments were embedded in tissue freezing medium (optimal cutting temperature compound, ProSciTech) and dipped into a vapor phase of liquid nitrogen. Cross-sections (10 mm) were cut at the C-8 level for immunohistochemistry.
Sections were washed to remove the tissue freezing medium. Nonspecific binding was blocked with goat serum. Primary antibodies (Table 1) were applied at 4°C overnight. Sections were washed and incubated with Alexa Fluor 488 goat anti-rabbit IgG (1:800; Molecular Probes, Inc.) and Alexa Fluor 594 goat anti-mouse IgG (1:800; Molecular Probes, Inc.) in the dark. Sections were mounted with DAPI (Vector Laboratories) and coverslips were placed on top.
Microscopic and Statistical Analysis
Proliferating cells were marked by antibody against Ki 67. The number of Ki 67-immunoreactive cells was counted using a fluorescence microscope (Axioplan 2, Carl Zeiss), and imaging data were acquired with a digital camera (AxioCam MRm, Carl Zeiss) using AxioVision image analysis software (version 4.6, Carl Zeiss), allowing the visualization of multiple fluorescence channels. Nuclei uniformly labeled with Ki 67 were regarded as positive when they colocalized with DAPI staining.
Cells that had arisen from proliferating cells postlesion induction were identified when well-defined Ki 67-labeled nuclei were also associated with immunoreactively labeled cell bodies. Only cells with well-circumscribed, specifically immunostained cell bodies were counted as immunopositive phenotypes. Two reviewers blinded to the nature of the specimens viewed all slides.
Cell density (cell number/mm 2 ) was used for quantification rather than absolute cell numbers because of tissue loss following syrinx formation. An arbitrary template was used to estimate the location of proliferating cells. The template divided each coronal section into 4 regions: right anterior quadrant, right posterior quadrant, left anterior quadrant, and left posterior quadrant.
Data were expressed as the means ± SEs. Statistical differences between groups were determined with the unpaired 2-tailed Student t-test. When there were more than 2 groups, differences were analyzed using ANOVA if the variances were equal and the Mann-Whitney non- 
Results
Syrinx Formation and Temporal Profile
On histological examination, syrinx formation appeared as a cyst or a loose mesh of glial fibers within the spinal cord. All animals in the experimental group demonstrated a syrinx by 7 days after injections of intraparenchymal quisqualic acid and subarachnoid kaolin. The average cyst size at Day 7 was 0.06 ± 0.007 mm 2 of the cross-sectional area at the C-8 level. Syringes progressively enlarged up to 42 days (Fig. 1 ). There was a positive correlation between cyst size and time, up to 42 days (r = 0.98, p < 0.01). At 56 days, the cyst size was 24% smaller than at 42 days (p < 0.01). No control animals had a syrinx.
Quantification of Ki 67+ Cells in the Control and Syrinx groups
Immunoreactivity for Ki 67 was used as a marker to detect dividing cells, and clusters of two Ki 67+ cells were considered as dividing cells. We observed a marked increase in the number of dividing cells postlesion. In contrast, Ki 67-immunoreactive cells were rare in the spinal cord of intact and sham-operated control animals. The temporal profile of Ki 67+ cells in the intact, shamoperated, and syrinx groups at periods from 7 to 56 days post-syrinx induction is shown in Fig. 2 .
The induction of Ki 67-expressing cells was quantitated and shown to be about 1000 per section at Days 7 and 14 postinjury. This number represented a 34-fold increase in dividing cells as compared with levels in the intact and sham-operated control animals (Fig. 3 upper) . With the shift from an acute to a chronic response to PTS, this number declined by 60% at Day 28 and then plateaued to Day 56. The number of Ki 67+ cells was consistent, between 28 and 29 cells/section, in controls at periods from 7 to 56 days PTS.
Cell density was also estimated to compensate for possible underestimation of the cell number in the experimental group with syringes. Syrinx animals demonstrated a 38-and 34-fold increase in Ki 67-immunoreactive cell density over controls at Days 7 and 14 postinjury, respectively, declining by 63% at the chronic phase of Day 28 PTS. At Day 56 PTS, Ki 67+ cell density was 12-fold higher in the syrinx group than in controls (Fig. 3 lower) . Reduction of Ki 67+ cell density from the acute phase to the chronic phase of PTS was statistically significant (8 experiments, p < 0.01).
Location of Ki 67+ Cells in the Spinal Cord
Ki 67-immunoreactive cell density was used to assess the distribution of dividing cells in the spinal cord. In the syrinx group, 79%-87% of Ki 67+ cells were located in the gray matter surrounding syringes. The Ki 67+ cell density in the gray matter was 5-and 6-fold greater than in the white matter at the acute stage of Days 7 and 14, respectively. The magnitude reduced to 3-fold at the chronic phase of Days 28 and 56 PTS (Figs. 2 and 4 upper). In the intact and sham-operated controls, Ki 67 cells were identified in the white matter (Fig. 2) .
When a coronal spinal cord section was divided into right anterior, right posterior, left anterior, and left posterior quadrants, those from syrinx animals demonstrated a relatively consistent pattern of Ki 67+ cell distribution at all time points (Fig. 4 lower) . There were more Ki 67+ cells in the posterior quadrants than in the anterior quadrants. Higher Ki 67+ cell densities were seen at the acute periods (Days 7 and 14 PTS) than at the chronic periods (Days 28 and 56 PTS) in either the posterior or anterior quadrants. The intact and sham-operated control animals distributed Ki 67+ cells equally in each area at all time points, that is, 5 cells/mm 2 . In terms of percentage, the highest percentage of Ki 67+ cells was observed in the right posterior quadrant: 36%, 38%, 34%, and 30% at Days 7, 14, 28, and 56 postsyrinx induction, respectively. The lowest percentage of Ki 67+ cells was counted in the left anterior area, ranging from 15% to 18% at 7-56 days PTS. An 87%, 69%, 51%, and 41% higher Ki 67+ cell density was found in the posterior half, including the right and left posterior areas, than in the anterior half at Days 7, 14, 28, and 56 PTS, respectively (p < 0.01).
Determination of Ki 67+ Cell Phenotypes
Using double-labeling immunohistochemical detection, we were able to determine the proportion of Ki 67+ cells that coexpressed nestin, NG2, GFAP, or ED1 from the acute to the chronic time periods. Typical morphological features of nestin+ cells were small bipolar or monopolar cell bodies with short processes in the gray matter (Fig. 5A) . The NG2+ cells were noted as small bipolar or tripolar cell bodies with short processes in the gray matter (Fig. 5B) . The GFAP+ cells showed thick processes (Fig. 5C ) characteristic of reactive astrocytes in the gray matter of syrinx animals. In contrast, GFAP+ cells appeared as small cell bodies with long slender processes in the white matter of intact controls. In addition, GFAP+ cells were seen as short processes with more thornlike side branches characteristic of protoplasmic astrocytes in the gray matter of intact controls. The ED1+ cells revealed large round cell bodies with no processes (Fig.  5D ). They were mostly found in the right gray matter surrounding the lesion in the 1st week post-syrinx induction and moved away from the lesion toward the white matter at later time points. No neuronal markers, including b-tubulin III, NCAM, NeuN, or mature oligodendrocyte markers such as MBP, colocalized with Ki 67+ cells.
Quantification of Ki 67-immunoreactive cell phenotypes in the control and syrinx groups at 7-56 days PTS is The syrinx animals showed a 34-fold increase in Ki 67+ cells at Day 7 after injury, with levels peaking at 14 days postinjury and declining by 60% at Day 28 postinjury, which was sustained up to Day 56. There was a 12-fold increase in Ki 67+ cells compared with controls. Lower: The densities of Ki 67+ cells were estimated to compensate for possible underestimation of the cell number resulting from cyst expansion in the syrinx animals. These animals demonstrated a 38-and 34-fold higher Ki 67+ cell density than controls at Days 7 and 14 postinjury, respectively, and a decline by 63% at the chronic phase of Day 28 PTS. At Day 56 PTS, Ki 67+ cell density was 12-fold greater in the syrinx group than in controls. Data are expressed as the means ± SE (8 experiments). *p < 0.01, compared with the intact and sham-operated controls at the same time point and compared with the syrinx group at 28 and 56 days post-syrinx induction. **p < 0.01, compared with the intact and shamoperated controls at the same time point.
summarized in Fig. 6 . Animals in the syrinx group showed a 4-and 4.4-fold increase in nestin-expressing cells at Days 7 and 14 PTS, respectively, before a significant decline by half to a sustained chronic level (4 experiments, p < 0.01; Fig. 6A ). Even at Day 56 PTS, there was a 2-fold increase in nestin-expressing cells as compared with controls (p < 0.01). The percentage of NG2-immunoreactive cells of the total Ki 67+ cells increased with time from 7 to 56 days. There was a positive correlation between the percentage of NG2+/Ki 67+ cells and time (r = 0.92, p < 0.05). Although this trend was positive, the percentage of NG2-expressing cells in the total Ki 67+ population remained 2-to 2.5-fold below the level in the intact and sham-operated controls at the acute periods (Days 7 and 14, p < 0.01) and 45%-70% below levels in the controls at the chronic periods (Days 28 and 56 PTS, p < 0.05). The percentage of NG2+/Ki 67+ cells was 50% lower at the acute periods than at the chronic periods (p < 0.05; Fig. 6B ). The percentage of GFAP-immunoreactive cells in the total Ki 67+ population increased by 25% in the syrinx group compared with the intact and sham-operated controls at Day 7 PTS (Fig. 6C) . This percentage demonstrated an uptrend and was 113%, 232%, and 205% higher in the syrinx group than in the sham-operated controls at Days 14, 28, and 56, respectively (p < 0.05). The percentage of GFAP+/Ki 67+ cells increased with time and peaked at Day 28 (r = 0.95, p < 0.05) before it plateaued at Day 56 PTS, suggesting that the increasing number of proliferating cells differentiated into reactive astrocytes. The percentage of ED1+/Ki 67+ cells increased 12-fold in the spinal cord of syrinx animals compared with the percentage in sham-operated controls at Days 7 and 14 and peaked at Day 28, being 14.5-fold greater before declining to 7-fold at Day 56 postinjury (Fig. 6D ). There was a significant shift in the percentage of ED1+/Ki 67+ cells from periods of Days 7-28 to Day 56 (p < 0.01), indicating that a significant proportion of proliferating cells were macrophages in the acute stage of PTS. There was a negative correlation between the percentage of ED1+/Ki 67+ cells and time (r = -0.99, p < 0.01).
In the syrinx group, nestin/Ki 67+ cells were the dominant phenotype in the 1st 2 weeks PTS (Fig. 6E) . By the 4th week post-syrinx induction, NG2/Ki 67 expression cells became the dominant cell type. At the same period, the percentage of nestin/Ki 67+ cells was halved. At 8 weeks post-syrinx induction, the percentage of GFAP/ Ki 67-immunoreactive cells was doubled, and ED1/Ki 67+ cells were halved.
Discussion
In recent years, significant advances have been made in identifying endogenous adult progenitor cells in the intact 19 and the injured spinal cord. 18, 31, 32, 42 To the best of our knowledge, little effort has been made to explore the existence of endogenous progenitor cells in PTS. In this study, we provided evidence that an active population of progenitor cells persists for at least 56 days post-syrinx induction, including the period of syrinx enlargement. A significant proportion of glial progenitor cells differentiate into mature astrocytes 14 days post-syrinx induction, which is maintained for another 42 days. Active astrocytes form a glial scar surrounding the syringes and may act to prevent cyst enlargement.
Proliferating Cells
Ki 67 antigen is a nuclear protein expressed in all proliferating cells during the late G1, S, G2, and M phases of a cell cycle. 33 It is generally used as a marker to as-
Fig. 4.
Graphs showing the location of Ki 67+ cells in the spinal cord of syrinx animals at periods from 7 to 56 days postinjury. The densities of Ki 67+ cells were used to compensate for potential underestimation of the cell number resulting from cyst expansion in the syrinx animals. Upper: The majority of the Ki 67+ cells were located in the gray matter surrounding the lesion. Ki 67+ cell densities were 5-and 6-fold higher in the gray matter than in the white matter at the acute stages of Days 7 and 14, respectively. The magnitude reduced to 3-fold at the chronic phase of Days 28 and 56 PTS. Data are expressed as the means ± SE (8 experiments). *p < 0.01, compared with the white matter at the same time point and compared with the gray matter at 28 and 56 days post-syrinx induction. **p < 0.05, compared with the white matter at 28 and 56 days post-syrinx induction. †p < 0.05, compared with the white matter at the same time point. Lower: A template was used to estimate the location of Ki 67+ cells cross-centered at the central canal, which divided coronal sections into 4 regions: right (R) anterior, R posterior, left (L) anterior, and L posterior. Ki 67+ cell distribution showed a relatively consistent pattern at all time points. More Ki 67+ cells were located in the posterior areas than in the anterior areas. Higher Ki 67+ cell densities appeared at the acute periods, Days 7 and 14 PTS, than at the chronic periods, Days 28 and 56 PTS, in either the posterior or anterior areas. *p < 0.05, compared with right and left anterior areas at the same time point and compared with the right posterior area at 28 and 56 days post-syrinx induction. **p < 0.01, compared with the left anterior area at the same time point. †p < 0.05, compared with the right and left anterior areas at the same time point. #p < 0.05, compared with the right and left posterior areas at the same time point.
sess cellular proliferating activity. Our data demonstrate that posttraumatic syrinx formation is sufficient to stimulate predominantly quiescent cells to divide in the adult rat spinal cord. This cell division persists for at least 56 days after syrinx induction. It is hypothesized that syrinx formation in this rat model consists of 2 stages: initial cyst formation and subsequent enlargement. The initial cyst formation is thought to be caused by inflammatory processes, hematoma, infarction, or excitatory amino acid overproduction after trauma. 20, 26, 28, 45 In this model, an excitatory amino acid triggers inflammation, cellular injury, and neuronal death and contributes to the initial cyst formation. 5, 49 A subsequent imbalance between CSF inflow and outflow causes syrinx enlargement. 6, [37] [38] [39] [40] It is unclear when cyst formation finishes and at what time its enlargement begins, although the 2 stages probably overlap. The present study provides evidence that progenitor proliferation persists during the 2 stages.
Location of Progenitor Cells
The patterns of progenitor location were relatively constant in our study, suggesting that proliferating cells do not migrate extensively-although this assertion does not rule out the possibility of limited migration. Our data reveal that the majority of proliferating cells also express neural progenitor markers, indicating that they are progenitors. Recent studies have shown that progenitors reside in the outer circumference of the intact adult spinal cord. 19 In the injured adult spinal cord, the ependymal zone 7, 18, 31, 32, 42 and parenchyma 24, 47, 50 have been regarded as harboring the stem cell pool. Here, we have shown that progenitors are mainly located in the gray matter surrounding the syringes. One possible reason for such a difference may be the different injury models used. If a compression injury model was used, 32, 36, 42 mechanical external forces might cause more severe tissue damage in the white matter than in the gray matter, as occurs in our animal model of PTS. It is also possible that mechanical external forces used by others induce progenitor responses that are different from those of the excitatory amino acid insult utilized by us. Further work is required to compare the responses of progenitors in this model with those in a recent rat model of PTS induced by a combination of compressive/contusive spinal cord injuries followed by an injection of kaolin into the subarachnoid space to promote arachnoiditis. 34 Another explanation for the above differences is that the responses of progenitors were observed at different stages of traumatic spinal cord injury. In the current study, progenitors were mainly observed around cyst in the gray matter at both acute and chronic stages.
Proliferation of Progenitors
Neural progenitors can give rise to neurons and gli- 6 . Graphs showing quantification of Ki 67+ cell phenotypes in the control and syrinx groups at periods from 7 to 56 days PTS and the number of nestin-, NG2-, GFAP-, and ED1-expressing cells as a percentage of the total Ki 67+ cells at the same time points. A: Animals in the syrinx group showed a 400% increase in nestin-expressing cells by 7 days after injury, with a peak level at Day 14 PTS before declining to a sustained chronic level. At 56 days PTS, there was a 200% increase in Ki 67+ cells compared with controls. Data are expressed as the means ± SE (4 experiments). *p < 0.01, compared with the intact and sham-operated controls at the same time point and compared with the syrinx group at 28 and 56 days post-syrinx induction. **p < 0.01, compared with the intact and sham-operated controls at the same time point. B: The percentage of NG2+ cells increased with time. There was a positive correlation between the percentage of NG2+ cells and time (r = 0.92, p = 0.04). Even though this trend was positive, the percentage of NG2-expressing cells in the total Ki 67+ population remained 200%-250% below the level in controls at the acute periods, Days 7 and 14, and 45%-70% below the controls at the chronic periods, Days 28 and 56 PTS. *p < 0.05, compared with the intact and sham-operated controls at the same time point and compared with the syrinx rats at 28 and 56 days post-syrinx induction. **p < 0.01, compared with the intact and sham-operated controls at the same time point. C: The percentage of GFAP-expressing cells in the total Ki 67+ population increased by 25% in the syrinx group compared with controls at Day 7 PTS. This percentage increased with time, peaking at Day 28 (r = 0.95, p < 0.05) and reaching a plateau at Day 56, suggesting that increasing numbers of proliferating cells differentiated into reactive astrocytes. *p < 0.05, compared with the intact and sham-operated controls at all time points and compared with the syrinx group at 7 days post-syrinx induction. D: The percentage of ED1+ cells increased 1170% in the spinal cord of the syrinx group compared with sham-operated controls at Day 7 postinjury and declined with time (r = -0.99, p < 0.01), indicating that 30% of proliferating cells were macrophages at the acute stage of PTS. With a shift from acute to chronic PTS, this number declined to 13% at Day 56. *p < 0.01, compared with the intact and sham-operated controls and compared with syrinx rats at all other time points. E: A comparison of nestin, NG2, GFAP, and ED1 in the total Ki 67+ population. *p < 0.05, compared with NG2, GFAP, and ED1 at 7 and 14 days PTS and compared with nestin and ED1 at 28 and 56 days PTS. §p < 0.05, compared with GFAP at 28 and 56 days PTS. †p < 0.05, compared with ED1 at 28 and 56 days PTS. #p < 0.05, compared with NG2 at 7 and 14 days PTS.
al cells in the brain throughout adulthood, including the subventricular zone, 44 hippocampus, 2, 3, 8, 13, 15, [21] [22] [23] 35 and cortex.
14 However, the in vivo proliferation rate of progenitors has not been determined for the adult brain. The division rate of adult spinal cord progenitors is thought to be low. 1 Previous studies have shown that an active population of progenitors exists in the adult rat spinal cord. 19 We demonstrated that mitotic activity persists for at least 56 days postinjury, with a similar proliferation rate in the intact and sham-operated animals. Low mitosis of the adult spinal cord progenitors can be upregulated after injury. 4, 10, 42 In the present study, the counts of proliferating cells increased by 20 times in the 1st 2 weeks after trauma excluding the effects of inflammatory cells and astrocytes. A difference in progenitor density between the syrinx and control groups decreased by 10-fold at 4 weeks posttrauma. It suggests that stimuli to the proliferation of progenitors are altered between the primary injury and the chronic stage. There is strong evidence to suggest that this discrepancy in mitotic activities between a chronic stage and the primary stage of PTS is associated with 2 factors. One factor is that the inflammatory reaction decreases at the chronic stage, leading to a low level of inflammatory cytokines to stimulate mitotic activity of cells. Another factor is that microvessels have been destroyed as the syrinx forms, which reduces the level of blood-derived factors, resulting in fewer stimuli to the proliferation of progenitors at a chronic stage than at the primary stage of PTS.
Phenotypes of Progenitors
Various markers have been identified for neural progenitor cells, and nestin is one such marker. 25 Nestin is an intermediate filament protein found in stem cells in the neuroepithelial layer lining the central canal during development of the spinal cord, which becomes progressively reduced in the ependymal layer as development proceeds. 43 Some recent literature has strongly suggested that ependymal cells in the region of the central canal of the spinal cord act as a source of endogenous neural precursor cells. 16, 29 Subsequently, nestin immunoreactivity disappears by Day 6 postnatally in the rat spinal cord and is not detectable in the ependyma in healthy adult rats. 17 However, nestin is reexpressed in ependymal cells after spinal cord injury. 36 In our experimental model, nestin expression was detected at low levels in the intact and sham-operated adult rats but was rapidly induced 3-fold in the 1st 2 weeks post-syrinx induction. The reexpression of immature intermediate filament nestin decreased by 20% and was maintained at the level of 20% of progenitor cells for another 6 weeks. This 20% reduction of nestin+ multipotential progenitors translated into the same percentage increase of NG2+ and GFAP+ cells between Weeks 2 and 8 posttrauma. There were no neuronal markers, including b-tubulin III, NCAM, NeuN, or mature oligodendrocyte markers such as MBP, coexpressed by Ki 67-expressing cells in the spinal cord of the syrinx group of animals. These findings suggest that neural progenitor cells of the adult spinal cord differentiate into glial-restricted progenitors at the chronic stage of PTS.
In the intact and sham-operated control groups, the majority of adult spinal cord progenitor cells are glialrestricted progenitors that express NG2. The predominant forms of these cells are small bipolar or tripolar cell bodies with short processes, which is consistent with the reported morphology of proliferative progenitors. 46 In the syrinx group, Ki 67/NG2 coexpressing cells exhibit the same morphology, indicating that these cells remain mitotically active in vivo and are candidate oligodendroglial progenitors. Additional markers, including Olig2, would be required for further characterization of oligodendroglial fate.
Astrocytes contain an epitope that is recognized by an antibody to GFAP. The GFAP-expressing cells appeared to be distinct from the NG2-labeled cells in terms of morphology. It has been demonstrated that hypertrophic reactive astrocytes can be identified by immunocytochemical methods that reveal increases in the expression of GFAP. 31, 50 In this study, the percentage of GFAP-expressing cells was significantly increased at 2 weeks post-syrinx induction and was sustained for another 6 weeks. Reactive astrocytes are the principal cells responding in a nonspecific way to injuries of the CNS. One of their known functions is the removal and metabolism of glutamate, the principle excitatory transmitter, from the vicinity of firing neurons. Reactive astrocytes metabolize extracellular glutamate to lactate, which is subsequently released from the astrocytes and may serve as a partial energy source for neurons. 41 This function of reactive astrocytes has potential neuroprotective effects in PTS.
Astrocytes and oligodendrocytes can sense the changes occurring in the CNS and react by migrating toward the lesion and surrounding the site. 36 In a separate study, we observed that reactive astrocytes and oligodendrocytes migrated toward the syrinx and formed a glial scar barrier surrounding the cyst (unpublished data). Glial scar formation restricts the infiltration of activated inflammatory cells into the lesion 9, 11, 27 and may act as a cushion against CSF shear stress applied to the tissue surrounding the syrinx. Further understanding of the responses of neural progenitors to this specific sequelae of spinal cord injury, may allow more targeted therapeutics in the future, such as the promotion of neurogenesis versus oligodendrogliosis and modulation of glial scar formation.
Conclusions
Our results demonstrate proliferation, distribution, and differentiation of endogenous progenitor cells in a model of PTS in adult rats. These progenitors proliferate rapidly and are located mainly in the gray matter surrounding the syringes. They are neural multipotential progenitors, producing oligodendroglial and astrocytic progeny. Neural multipotential progenitors are expected to be associated with reparative and regenerative mechanisms in PTS. Glial cells are involved in the formation of a glial scar barrier that surrounds the syrinx and possibly prevents cyst enlargement. Our findings suggest that neural progenitors play a protective role in PTS.
Disclosure
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. The study was supported by a project grant from the Australian Brain Foundation (M.A.S.).
Author contributions to the study and manuscript preparation include the following. 
